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REFEREMNCE LESIGNATOR 5w FACIECT: FMBREAKOUT D% SUBSYSTEM: NOME
MAKE (QUANTITY  TOGGLE SWATCH ! 1 LAU N&ME f GUANTITY; IFM BREAKOUT ARX /2 EFFECTIATY: Adl Snbitery
ORAWING REFERENCE. MEAS2-0TI2-TTOY LRU PART NUMBER: %LEQIS1ZLIF]
FAILURE “?EDE NUMBER cm;}mum ¢ FAILURE EFFECT RETENTION RATIONALE
FUNCTION D ITEM A, DESIGN - The toggle switch is
. ; hermetitally +&alad and has an
h Id ; ¥ e -
Selects batween 28 Vde and vanable 28 Vde at autlel 2 z!:mn;l:g :-:"T,nlii{hrm: r; ?ﬂan inert gas backdill and 2 stainless
ower outpul 3 outlets 1 and steel case. Thereis a posilive
gand auxiliary oulput mechanical linkage belween

Ihe 1angle and moveable con-
tacts. Detent spring ands have

£1-d

& double laop for posilive

FAILURE MODE AND CAUSE retention infase af spring
{C) Mode: Switch {5W2 | fails shorled 1o grouncd (short 1o breakage Application meets
<asa), pole-tp-pole shor MISSION Lhe OPPL current derating
Cause: _ Mane requirements for a 15-A rating.
# Mechanical Failure The switch is designed 1o meet
* Manufaciunng defect the réquirements of the Space

Shuttte pragram detailed by
Rackwell Internatianal
specification MC452-0102.
CREWW { VEHICLE

This failure followeed by
faélure of tha remaining

B. TESTS-The partis screened
and gualified ta the require-

“whiler assantial bus ments of Roclowel| Inter-
powering the CWE wauld rational specification MC453-
™ YT create an undetected Fuel cell 0102 Tesls and inspections are
RED WEY SCAEEMS § RE ParHs - |emergency due to the hoss of dane on the gnlire product 1o
A = Pass Lse bachup IFM breakout box fuel cell caolant pump check radiogiaphics, dielecoic
B - Pass strength, insulation reqslande,
L - Pass vibration, leakane {hine and ’
INTERFACE gross), conlact resistance, and
Sea "Eng [tem” run-in (250 actuations). A
MISSION FHASE TIME TD EFFELCT TIME T CORRECT visual axamination is alio per-
formed. Tests snd inspectlians
Orbit Mirutes Immediate done to qualify the product
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REFERENCFE DEXIGNATOR  SW2 PROMECT: WM EREANQUF BDX SUMESYSTER:  NOME
HAWIE (QUANTITY  TOGGLE SWITCH M1 LALl WAME /CAANTITY: M EREAKOUT BOX 2 EFFECTIVIIY  ANOrbhais
DRAMYING AEFERERMCE  MEATE-002-T701 LR P&RT NUMBEA: SEDA91217T72

RETENTION RATIONALE (Continuad)

check contact resislance al araled Currend, vibration, endurance (5000 cpcles at 15 4 and 20,000 cyoles L 100 A), short circuit
{05 A|, terminal strength, averload {10 cycles actuation at 23 A), toggle iever strength, leakage {fine and gross), and lunctian.

To ansure 1he failure modes do not exist an the ground turnaround checkout tesis and 1o also determing checkout frequency of
these tests, vee Functional Test Progedure

C. INSPECTION = Inspections werify that 1he part meets the Space Shuttle program requirements delailed hy Rockweli International
specitication MC452-0102, whichindudes inspeciions, vibratian tests, and screening tests as described in paragraph 8. Receiving
Inspecticn performs visual and dimensipnal examination of all incoming parls. Test reports are maintained cerifying material
and physical properties. Contamination ControlfQuality Control varilies proper maintenance and proceduras used lor Clean
Ragm operation. A detailed irgpection on assembly installation is perormed on all ssemblies prior Lo thair nexl operation.
Inspection under magnification is perfarmed prior to the closeaut weld.

randestruclive axamination — Radiographic imtpection is perfarmed prior to ihe production run-in and subsequent o
acceptance of the vibration Lest lor eviden ce of solder migration, loose parts, and asse mbly anomalies.

Critical processes - All critical processes and certifications, mncluding passivation, heat treatling, plating, soldanng, sandblasting,
welding, brazing, and adhesive bonding, are manicored and verified by inspection.

Tasting — Accaptance test proceduras, including 1ests on rur-in, performance, vibration, and harmetics, are cbserved and verified
by Qualily Control.

Handling/packaging — Parts are patkaged, protected, and verified by inspaction,

. FAILURE HISTORY - The masl commoen Loggle switch problem has been “teaung.” Teasing occurs when Lhe operator Lthinks the
proper switch action has taken place when artually ithasn't. Wisa funceion of the sperator and the switch design and can be
ehminaled with proper swildh operaticn.

1. Teasing is especially likely 1o happen lor the [olowing swilches.

a. Momentary switches: The initial contact of the roller and 1be contact shoe may be Telt when swilching a mamentary
switch. If movement of the switch harwdle is stopped ai this paint, pasitive cortlact will not be made. Ina multiple pole
switch, some of the palesmay or may nol be making Lhe ¢ircuil. Inaddition, a slight relaxatian in holding force could
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REFERENCE DESIGMATOR: SW2 PROUECT: IFMEBNEAKBUTBOX SUBSTSTEM: NONE
NAME | UANTITY: TOMGGLE SWITCH M1 LRU MAME /i QUANTITY. IFM BIEAKOUTEDA ! 2 EFFECTIVITY: AR Qrbhes
DANMANG REFERENCE: MEASE-D102-7T01 LRL PART MUMBEHR: SEDIMIZ1772

RETENTION RATIONALE {Continued}

allaw one or more drouits to break cantacl. To eliminate teasing, operale Lhese types of switches to the full entent of
the handle {into a mechanical stap).

b. Leverlock switch: In a three-position lavar lack switzh, this candition normally occurs when Lhe lever lock handle is
pulled, iransfer actian is starled, and then the lever lock handle is released before the transfer action is completed.
Under these conditions, the frictional drag force of the locking mechanism an the lock cam significantly aifects the
“feel” of the switch transfer action, and the center detent position ismal feli or achieved by the operator Inlernally,
with the switch not in the center detent position, ane or more of the pole rollers may be making contact with the asso-
ciated shoe, while one or mare are nat ye1 touching the shoe. This is an inherent characteristic of the switch design and
is more prevalant in the four-pole toggle switch configuration because of the hasit tolerance struclure and larger dirmen-
siont. To eliminate teasing, the handls must be placed into its groove in the bushing or be moved ta the end of its wavel.

2. The foliowing examples desrribe switches that had 1easing problems that are now resolved.

a. AC752! —Prablem: One pole intermitient. The metal ridge on the plunger caused uneven pressure of the roller on one
set of contact shees. This resulted ina dacreased contact prassure until the contact resistance became arratic. Thisis
considered an isod ated incigenl.

b ACEY53 —Problem: Switch operating erraucally in the SAIL. Excessive lubricant was found on cantacts, and spring foree
weas on low side of talerance limits. This is considared an isolated incident.

¢. AJT91 -Prohlem: Unable ta IPL 1he flight system from mass memory in S&/L. Failure resulted hom 2 fatigue fraciure of
Lhe retainer and was attributed 10 wearout. Data indicated that the switch operated more than 12,000 eycles, which
exceeds life requirements by 2.5 limes. The switch was an old daagn ( - Gxxx switch) that is not used in ight vehiches
Dasign changes made 1o improve the switchincude:

{1] Double loop detent sprirng

12] Elimination of dimples from retainer
{131 Impraved bogt retention

{41 Cross-pinning of bat handle 1o shaft
151 Inspection of radiographics

I6) Added inspection ol piece parls
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REFERENCE DESIGHATIA: SWr PROJECT: IFM EBREAKQUT BOX SUBSYSTEM: NOME
KAME /QUANTITY: TOGGLE SMATCHS 1 LAY MAME FOUANTIFY: IFAM RREAKQUT BOX F 2 EFFECTNATY: Bl Qrbiters
DRAMY (NG RFFERENCF: MEASI-B102-7707 LRU FART MLUMBER: S5E039121773
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RETEMTION RATHONALE [Concluded)}

d AC91Z-Prablem: Knoh missing. Application of the locking compound was not used 1o relain Lhe knab when it was
imstlalied. Assembly personnel at KSC were instructed to foliaw install ation procedures,

e. AD1527 - Problem: bnable to transfer switch; lever lock actuator cauld not be pulled from its locked posilicr. The
axternal mecharsm was found 10 be conlaminatad with Loc-tite. Assemnbly personnel 31 K50 were insiructed 10 ba more
cargful.

There are re known unresolved generic ishues

E. OPERATIOMAL USE -
1. Mission contraintt: None
2. Crew action: Install backog IFM breaskout bax; reset circuit breaker
3. Protect against nexd failure: Lise backup IFM breakout box
4, Special crew training: None
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